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0\ • Abstract 

'^ ! It is shown that a perturbative QCD (pQCD) based analysis and the SU(6) quark- 

M-l, 

p ■ diquark model give significant different predictions concerning the flavor and spin 

r-| , structure for the quark distributions of the A-baryon near x = 1. Detailed predictions 

for the ratios u{x)/s{x) of unpolarized quark distributions, As{x)/s{x) of valence 
strange quark, and Au{x)/u{x) of valence up and down quarks of the A are given 
from the quark-diquark model and from a pQCD based model. It is found that 
the up and down quarks are positively polarized at large x, even though their net 
spin contributions to the A might be zero or negative. The signiflcant difference 
for u{x)/s{x) between the two different approaches are predicted. The prediction of 
positively polarized up and down quarks inside the A at large x has been supported by 
the available data of A-polarization in Z decays and also by the most recent HERMES 
result of spin transfer to the A in deep elastic scattering of polarized lepton on the 
nucleon target. 
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Although it is well established knowledge that hadrons are composite systems of 
quarks and gluons, the detailed quark structure of hadrons remains a domain with 
many unknowns, and there have been many unexpected surprises with respect to 
naive theoretical considerations. The sea content of the nucleons has received ex- 
tensive investigations concerning its spin structure [Q, strange content 0, |^, flavor 
asymmetry |^, and isospin symmetry breaking 0, and it is commonly taken for 
granted that our understanding of the valence quark structure of the nucleons is 
more clear. However, even in this last case the situation remains doubtful, reflected 
in the recent investigations concerning the flavor and spin structure of the valence 
quarks for the nucleon near x = 1. For example, there are different predictions 
concerning the ratio d{x)/u{x) at x -^ 1 from a perturbative QCD (pQCD) based 
analysis §, and the SU(6) quark-diquark model p|, |^, |10], and there are different 
predictions concerning the value of F2{x)/F2{x) at large x, which has been taken 
to be 1/4 as in the quark-diquark model in most parameterizations of quark distri- 
butions. A recent analysis |Tl| of experimental data from several processes suggests 
that F2{x)/F2{x) -^ 3/7 as a; ^ 1, in favor of the pQCD based prediction. The 
spin structure of the valence quarks is also found to be different near a; = 1 in these 
models, and predictions have been made concerning the non-dominant valence down 
(d) quark, so that Ad{x)/d{x) = —1/3 in the quark-diquark model ||^, |10|, a result 



which is different from the pQCD based prediction Aq{x) / q{x) = 1 for either u and 
d 0. At the moment, there is still no clear data in order to check these different 
predictions, although the available measurements ||T3| for the polarized d quark dis- 



tributions seem to be negative at large x, slightly in favor of the quark-diquark model 
prediction. 

In this letter, we show that the same mechanisms that produce the different flavor 
and spin structure for the quark distributions of the nucleon, give also significant 
different predictions concerning the flavor and spin structure for the quark distribu- 
tions of the A-baryon near x = 1, thus providing tests of different approaches. We 
also show that the non-dominant up (u) and down (d) quarks of the A should be 
positively polarized at large x, even though their net spin contributions to the A 



might be zero or negative. In fact, it was found by Burkardt and Jaffe [14| that the 



u and d quarks should be negatively polarized from SU(3) symmetry. Recently, it 
was also pointed out by Soffer and one of us [1^ that the flavor and spin content of 



the A can be used to test different predictions concerning the spin structure of the 
nucleon and the quark-antiquark asymmetry of the nucleon sea. Thus it is clear that 
the quark structure of A is a frontier with rich physics and deserves further attention 
both theoretically and experimentally. 

We now look into the details of the flavor and spin structure for the valence 
quarks of the A. We start our analysis in the SU(6) quark-diquark model. We know 
that exact SU(6) symmetry in the SU(6) quark model predicts u{x) = 2d{x) for the 
proton and this gives the prediction F^(x)/-F2'(x) > 2/3 for all x. This result was 
ruled out by the experimental observation that -F^(x)/-F2'(x) < 1/2 for x ^ 1, where 
the valence quark contributions are dominant. The SU(6) quark-diquark model [§ 
introduces a breaking to the exact SU(6) symmetry by the mass difference between 
the scalar and vector diquarks and predicts d{x)/u{x) ^ at x ^ 1, leading to a 
ratio F2{x)/F2{x) -^ 1/4 which could fit the data and has been accepted in most 
parameterizations of quark distributions for the nucleon. In this work we analyze the 
valence quark distributions of the A by extending the SU(6) quark-spectator-diquark 
model 0, which can be considered as a revised version of the original SU(6) quark- 
diquark models ^, from the nucleon case to the A. The A wave function in the 
conventional SU(6) quark model is written as 

|A^) = — ^[(m^c/^ + d^u^) — (u^d^ + d''u^)]s'^ + (cyclic permutation), (1) 

which can be reorganized into the SU(6) quark-diquark model wave function, 

|AT) = -^[Vo{ds)u^ - Vo{us)d^ - V2V+i{ds)u^ + V2V+i{us)d^ 



+ S{ds)u^ + S{us)d^ -2S{ud)s^], (2) 

where Vs^{qiq2) stands for a qiq2 vector diquark Fock state with third spin component 
Sz, and S{qiq2) stands for a qiq2 scalar diquark Fock state. 

From Eq. (El) we get the unpolarized quark distributions for the three valence u, 



d, and s quarks for the A, 

where aD{qig2){^) oc /[d^k_L]|(y9(x, kx)^ {D = S or V) denotes the amphtude for the 
quark q being scattered while the spectator is in the diquark state D, and is normahzed 
such that Jq af)(^q-^q^'j(x)dx = 3. We assume the u and d symmetry D{qs) = D{us) = 
D{ds), from the u and d symmetry inside A. Similarly, the quark spin distributions 
for the three valence quarks can be expressed as, 

Auy{x) = My{x) = -]^ay(gs)(x) + j^as{qs){x); 
As^(x) = ^as(ud)ix). 

In order to perform the calculation, we employ the Brodsky-Huang-Lepage prescrip- 
tion [|T6| for the light-cone momentum space wave function for the quark-spectator 

— # ^ rn -I- If m ^ i 1^2 

ip{x, k±) = Aflexpj — g^[ '^^ -^ H — iZT^]}) with parameters (in units of MeV) nig = 
330 for g = M and d, m^ = 480, an = 330, ms{ud) = 600, ms{gs) = 750, and 
'^v(gs) = 950, following Ref. p. The differences in the diquark masses ms(ud), f^sigs), 
and mv{qs) cause the symmetry breaking between aix^g^^g^^^x) in a way that as(ud){x) > 
as(qs){x) > av(qs){x) at large x. 

Thus the quark-diquark model predicts, in the limit x ^ 1, that u{x)/s{x) -^ 
for the unpolarized quark distributions, As{x)/s{x) -^ 1 for the dominant valence s 
quark which provides the quantum numbers of strangeness and spin of the A , and 
also Au{x)/u{x) -^ 1 for the non-dominant valence u and d quarks. 

We now look at the pQCD based analysis of the quark distributions from mini- 
mally connected tree graphs of hard gluon exchanges [^, |^ . In the region x -^ 1 such 
approach can give rigorous predictions for the behavior of distribution functions 0. 
In particular, it predicts "helicity retention" , which means that the helicity of a va- 
lence quark will match that of the parent nucleon. Explicitly, the quark distributions 
of a hadron h have been shown to satisfy the counting rule |]18| , 



g,(x) ~ (1 - xY, (5) 



where 

p = 2n-l + 2AS,. (6) 

Here n is the minimal number of the spectator quarks, and ASz = jS*^ — 5*^1 = or 1 
for parallel or anti-parallel quark and hadron helicities, respectively [0. Therefore the 
anti-parallel helicity quark distributions are suppressed by a relative factor (1 — x)^, 
and 6q{x)/q{x) ^ 1 as a; — ^ 1. A further input into the model, explained in detail 
in Ref. [^, is to retain the SU(6) ratios only for the parallel helicity distributions at 
large x, since in this region SU(6) is broken into SU(3)^ xSU(3)''-. With such power-law 
behaviors of quark distributions, the ratio d{x)/u{x) of the nucleon was predicted [Q 
to be 1/5 as X ^ 1, and this gives F2{x)/F2{x) = 3/7, which is (comparatively) close 
to the quark-diquark model prediction 1/4. From the different power-law behaviors 
for parallel and anti-parallel quarks, one easily finds that Aq/q = 1 as x -^ 1 for 
any quark with flavor q unless the q quark is completely negatively polarized |^. 
Such prediction are quite different from the quark-diquark model prediction that 
Ad{x)/d{x) = —1/3 as X — i> 1 for the nucleon [P, 10|. The most recent analysis 



ITTI of experimental data for several processes supports the pQCD based prediction 
of the unpolarized quark behaviors d{x)/u{x) = 1/5 as x ^ 1, but there is still 
no definite test of the polarized quark behaviors Ad{x)/d{x) since the d quark is 
the non-dominant quark for the proton and does not play a dominant role at large 
X. Furthermore, this pQCD based model has been successfully used in order to 
explain the large single-spin asymmetries found in many semi-inclusive hadron-hadron 



reactions, while other models have not been able to fit the data [^ 

We extend the pQCD based analysis from the proton case to the A. From the 
SU(6) wave function of the A we get the explicit total spin distributions for each 
valence quark. 



s^ = l; s^ = 0, 

for all values of x. In the pQCD based analysis at large x, the anti-parallel helic- 
ity distributions are suppressed relative to the parallel ones, thus SU(6) is broken 
to SU(3)^x 811(3)-'^. Also the relativistic effect due to the Melosh-Wigner rotation 
causes a suppression in the helicity distributions observed in deep inelastic scattering 



compared to the quark spin distributions in the quark model |T^. Nevertheless, our 
model still retains the ratio m^s^ = 1/2 at large x 0]. Thus helicity retention plus 
broken SU(6) imply immediately that u{x)/s{x) -^ 1/2 and Aq{x)/q{x) — > 1 (for 
q = u, d, and s) for x ^ 1, and therefore the flavor structure of the A near x = 1 is 
a region in which accurate tests of the pQCD based approach can be made. 

From the power- law behaviors of Eq. (^, we write down a simple model formula 
for the valence quark distributions, 



q^ (x) 



X 



X 



i3. 



q^[X) 



X 



x] 



where q\x) and q^{x) are the parallel and anti-parallel quark helicity distributions 
and a is controlled by Regge exchanges with a ~ 1/2 for nondiffractive valence quarks. 
This model is not meant to give a detailed description of the quark distributions but 
to outline its main features in the large x region. Combining Eq. (||) with Eq. (|^, 
we get. 



uHx) 



d){x) = ||a;~2(l - xY; 
s'^ix) = ||x"5(l - x)^; 

which obviously satisfies that u{x)/s{x) 
s) as X -^ 1. 



uHx 



d^{x) 
s^{x) = 0, 



693 
1024 



X 2 



[1 — xY 



(9) 



1/2 and Aq{x)/q{x) = 1 (for q = u, d and 
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Figure 1: The ratio u{x)/s{x) of the A from the pQCD based approach (solid curve) 
and the SU(6) quark-diquark model (dashed curve). 




Figure 2: The ratios As{x)/s{x) for the valence strange quark (dashed curves) and 
Au{x)/u{x) for the up and down valence quarks (solid curves) of the A from (a) the 
pQCD based approach and from (b) the SU(6) quark-diquark model. 



In Fig. we compare the x-dependence for the ratio u{x)/s{x) of the unpolarized 
quark distributions at large x in the two approaches and notice a significant differ- 
ence between the predictions from the quark-diquark model and the pQCD motivated 
model. We also present in Fig. ^ the ratios As{x)/s{x) and Au{x)/u{x). We find 
that in both the quark-diquark model and the pQCD motivated model, the dominant 
valence s quark is totally positively polarized, and the non-dominant valence u and 
d quarks are also positively polarized at large x, though they have net zero contri- 
butions to the A spin. This supports the viewpoint ||T3 that one cannot neglect the 
contribution from the u and d quarks, in order to measure the strange quark polariza- 
tion of a proton As{x) from the A polarization of unpolarized electron deep inelastic 
scattering (DIS) process on a polarized proton target pOf. Though the qualitative 
features are similar for the ratio Au{x)/u{x) in the two approaches, the magnitude 
of Au{x) in the quark-diquark model should be more suppressed than that from the 
pQCD based approach at large x due to the large suppression of u{x). Therefore 
there is also difference in the spin structure for different flavor valence quarks of the 
A near x = 1. 



We now discuss the processes that can serve to test the above predictions. Direct 
measurement of the quark distributions of the A is difficulty, since the A is a charge- 
neutral particle which cannot be accelerated as incident beam and its short life time 
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makes it also difficult to be used as a target. Thus one may extend the analysis of 
this work to a charged hyperon, such as S^ or H~, which might be used as beam in 
Drell-Yan processes to test different predictions. However, we know that the quark 
distributions inside a hadron are related by crossing symmetry to the fragmentation 
functions of the same flavor quark to the same hadron, by a simple reciprocity relation 

m 

qh{x) oc Dj(z), (10) 

where z = 2p-q/Q'^ is the momentum fraction of the produced hadron from the quark 
jet in the fragmentation process, and x = Q'^/2p ■ q is the Bjorken scaling variable 
corresponding to the momentum fraction of the quark from the hadron in the DIS 
process. Although such an approximate relation may be only valid at a specific scale 
Q^ near x = 1 and 2; = 1, it can provide a reasonable connection between different 
physical quantities and lead to different predictions about the fragmentations based 
on our understanding of the quark structure of a hadron []T3|, |2^. From another 



point of view, there are both experimental evidence and theoretical arguments to 
indicate the limitation of this relation for the physical application. Since our present 
knowledge on the fragmentation functions is still poor, we may consider our study as 
a phenomenological method to parameterize the quark to A fragmentation functions, 
and the validity and reasonableness of the method can be checked by comparison with 
the experimental data on various quark to A fragmentation functions. Thus we can 
use various A fragmentation processes to test different predictions. 

In principle we can test the different predictions by a measurement of a complete 
set of quark to A fragmentation functions. One promising method to obtain a com- 
plete set of polarized fragmentation functions for different quark flavors is based on 
the measurement of the helicity asymmetry for semi-inclusive production of A hyper- 
ons in e^e~ annihilation on the Z^ resonance |T^. There is also a recent suggestion 



15i to measure a complete set of quark to A unpolarized and polarized fragmentation 
functions for different quark flavors by the systematic exploitation of unpolarized and 
polarized A and A productions in neutrino, antineutrino and polarized electron DIS 
processes. However, in practice we do not need such systematic studies of quark to 



A fragmentations before we can test the different predictions. 

Some physical quantities related to the A fragmentations in specific regions can 
provide direct test of different predictions. There have been suggestions that the 
ratio AD^{z)/D^{z) can be measured from polarized electron DIS process [|I^ and 
neutrino DIS process in the region y — 1 |ll5| , |23[| . Although the net Au might be zero 
or negative, and the magnitude also differs in different predictions, the results of the 
present work tell us that AD^{z)/D^{z) is positive at large z, something unexpected 
from naive theoretical expectations. There have been also calculations |2^, Q of A 
production in several processes, based on simple ansatz such as ADg{z) = Cg{z)D^{z) 
with constant coefficients Cg. From the present work we know that there are many 
unreasonable assumptions on the detailed ^-dependence of the fragmentation in the 



previous calculations, therefore their conclusions p3|, ^ lack predictive power and 
need to be re-checked with reasonable physical inputs for various fragmentation func- 
tions. 

The results presented in this letter should be considered as only valid for the 
valence quarks, which are expected to play the dominant role in the regions of x > 0.4 
(or z > 0.4), where we still need reliable data. In the small and medium x (or z) 
regions, the sea of the A is expected to play an important role, and there are many 
details that have to be addressed in order to understand the physics in these regions. 
We also notice that the study of this work can be directly extended to other hadrons, 
such as S, S, or even to heavier flavor hadrons such as Ac, which may contribute as 
backgrounds to the A production or serve as new directions to test different physics 
concerning hadron structure. We do not expect to address all the vast issues in this 
brief letter, and more detailed analysis will be given elsewhere |2^, |2^ . 



We point out here that our prediction of positively polarized u and d quarks inside 
A at large x has been supported by the available data of A-polarization in e+e~- 
annihilation near the Z-pole p5|] and also by the most recent HERMES experiment 



on longitudinal spin transfer to the A in deep elastic scattering of polarized positron on 
the nucleon target [0. From the results given in Ref. |^, we found that the quark- 
diquark model gives a very good description of the available experimental data of the 
A-polarization in e+e~-annihilation near the Z-pole. The pQCD based analysis can 
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also describe the data well by taking into account the suppression due to the Melosh- 
Wigner rotation effect in the quark helicities compared to the naive SU(6) quark 
model spin distributions [l^. We also calculate and present here the longitudinal 



spin transfer to the A in deep elastic scattering of polarized lepton on the nucleon 
target defined by [|19|, ^ 

„A i:,elq^{x)^D^{z) 

where Cq is the charge of the quark, qN^x) is the quark distribution inside the nucleon, 
and D^[z) and ADg{z) are the unpolarized and polarized quark to A fragmentation 
functions calculated by the relation (|^). Our predictions are shown in Fig. ||, in com- 
parison with the recent HERMES data ^^. We notice that the available HERMES 
data point is consistent with both the quark-diquark model and the pQCD based 
predictions within the present err-bar, and this seems to support the positive u and 
d polarizations at large x inside the A predicted in our work. Unfortunately, it is still 
not possible to make a clear distinction between the two different predictions of the 
flavor and spin structure of the A by the available data with the present statistical 
precision, and also in each model there is still some freedom to adjust the parameters 



for a better fit of the detailed features [^. It is also necessary to point out that 



the available HERMES date should not be considered as in contradiction with the 
prediction of nagative polarizations of u and d quarks inside the A WM, since the 



positive polarizations of u and d at large x do not rule out the net negative u and d 
polarizations inside the A integrated over whole x = -^ 1. 

In summary, we studied the flavor and spin structure of the A at large x and found 
it is a region that can provide clean tests of different predictions. We also found that 
the up and down quarks should be positively polarized at large x, even though their 
net spin contributions to the A might be zero or negative. This prediction has been 
supported by the available data of A-polarization in Z decays and also by the most 
recent HERMES result of spin transfer to the A in deep elastic scattering of polarized 
lepton on the nucleon target. Thus A Physics is a frontier with rich physics content 
that deserves attention both theoretically and experimentally. 
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Figure 3: The predictions of the longitudinal spin transfer to the A in deep inelastic 
scattering of polarized lepton on the nucleon target from the simple pQCD based 
approach (solid curve) and the SU(6) quark-diquark model (dashed curve). The data 
point is the most recent result by the HERMES collaboration p7| . 
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